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(57) ABSTRACT 

An optical scanner includes a CCD and a light monitor 
Window (“LMW”) and a black region adjacent the LMW. 
The LMW is imaged to provide feedback signals for Red, 
Green and Blue channels of the CCD. The black region is 
imaged to remove ?are from the feedback signals. The 
?are-corrected feedback signals may be supplied to gain 
compensation controls. 
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OPTICAL SCANNER PROVIDING 
COMPENSATION FOR NON-UNIFORM 

BULB ILLUMINATION 

The application is a Continuation of US. application Ser. 
No. 09/399,203, ?led Sep. 17, 1999, now US. Pat. No. 
6,650,445, the speci?cation of which is incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

The invention relates to imaging devices. More speci? 
cally, the invention relates to the compensation of nonuni 
form illumination provided by a bulb of an optical scanning 
device. 

Commercial scanning products include ?atbed scanners, 
scroll-fed scanners, hand-fed scanners, color copiers, fax 
machines and all-in-one multifunction products. The all-in 
one products, which combine a scanning module with a 
printing module, can typically perform printing, scanning, 
faxing and copying. A typical commercial scanning product 
includes a bulb for applying illumination to an image to be 
captured, and imaging optics and a charge-coupled device 
(“CCD”) for capturing light re?ected by the illuminated 
image. 

Image quality depends upon the quality of the CCD and 
the quality of the imaging optics. The image quality also 
depends upon the quality of the bulb that illuminates the 
target area. 

Perhaps the most variable and unpredictable element of 
the image capture is the bulb. Even if a constant input 
voltage is applied to the bulb, the brightness and color 
characteristics of the illumination can vary according to bulb 
temperature and other factors. 
Xenon bulbs, hot cathode ?uorescent bulbs and cold 

cathode ?uorescent bulbs are typically considered for use in 
scanning products. Many scanner manufacturers prefer the 
cold cathode ?uorescent bulbs over the Xenon bulbs and hot 
cathode ?uorescent bulbs because the cold cathode ?uores 
cent bulbs are less expensive and brighter. 

However, scanner manufacturers are faced with consid 
erations other than cost and brightness. Other important 
considerations include bulb longevity, power consumption 
and heat dissipation. 

Bulb longevity can be increased, and power consumption 
and heat dissipation can be reduced, by turning off the bulb 
between scans or by supplying only a trickle current to the 
bulb between scans. However, if the bulb is turned off or if 
the trickle current is supplied to keep the bulb at a low level, 
the bulb is allowed to warm up after a new scan is com 

manded. 

Xenon bulbs and hot cathode ?uorescent bulbs typically 
warm up quickly; therefore, relatively little time would 
elapse if a scan commences at the end of the warm-up 
period. Cold cathode ?uorescent bulbs, on the other hand, 
could take much longer to warm up. Waiting for a cold 
cathode ?uorescent bulb to warm up could create an unde 
sirably long waiting period. Therefore, the scanning usually 
commences during warm up, after a bulb shape has formed. 

As scanning is being performed during bulb warm up, the 
intensity and spectrum of the illumination can drift. There 
fore, compensation is performed to correct the drift in 
intensity and spectrum. The compensation is typically per 
formed by adjusting bulb voltage and gain of the CCD’s 
color channels. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
The compensation is also performed after the bulb has 

warmed up, since drifts in intensity and color spectrum of 
the bulb can still occur. This is especially true for the cold 
cathode ?uorescent bulbs. 
The compensation should be accurate; otherwise, image 

quality and image capture accuracy will suffer. The com 
pensation should also be relatively inexpensive to perform; 
otherwise, the cost of the scanning product will be increased. 
Manufacturers of high volume, low pro?t margin scanning 
products do not have the luxury of passing on cost increases 
to their customers. Even a seemingly trivial cost increase can 
signi?cantly reduce the pro?tability of a product line in 
which millions of units are sold per year. 

SUMMARY OF THE INVENTION 

The invention may be regarded as an optical scanning 
system including a target area; a light monitor window 
(“LMW”); a black region adjacent the LMW; and a bulb for 
illuminating the target area, the LMW and the black region. 
The optical scanning system further includes a photodetector 
having a ?eld of view. The target area is within the ?eld of 
view between margins areas of the photodetector. The LMW 
and the black region are within the ?eld of view inside a 
margin area of the photodetector. 
The LMW and the black region, which may be a tab, a 

strip or a black-colored portion of a scan head body, may be 
used to accurately compensate for nonuniform illumination 
of the bulb. The accurate compensation, in turn, improves 
image quality and image capture accuracy. 

Other aspects and advantages of the present invention will 
become apparent from the following detailed description, 
taken in conjunction with the accompanying drawings, 
illustrating by way of example the principles of the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of a ?atbed scanner according to 

the present invention; 
FIG. 1a is an illustration of a scan head relative to a target 

area; 
FIG. 2 is an illustration of a CCD for the scanner, the CCD 

including target and margin areas; 
FIG. 3a is an illustration of a ?rst embodiment of a light 

monitor window and a black region adjacent the light 
monitor window; 

FIG. 3b is an illustration of a second embodiment of a 
light monitor window and a black region adjacent the light 
monitor window; 

FIG. 30 is an illustration of a third embodiment of a light 
monitor window and a black region adjacent the light 
monitor window; 

FIG. 4 is an illustration of the CCD; 
FIG. 5 is an illustration of an ASIC for the scanner; 
FIG. 6 is an illustration of steps performed by an embed 

ded processor included in the ASIC; 
FIG. 7 is an illustration of ?are drop off as a function of 

distance from a target area of the CCD; and 
FIG. 8 is an illustration of ?are removal from a feedback 

signal indicating bulb intensity. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As shown in the drawings for purposes of illustration, the 
present invention is embodied in an optical scanner. The 
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scanner includes a light monitor WindoW (“LMW”) and a 
black region adjacent the LMW. The LMW is illuminated by 
a scanner bulb, an image of the LMW is captured, and the 
image of the LMW is processed to determine bulb intensity. 
However, the LMW image can include tWo components: a 
?rst component contributed by direct illumination from the 
bulb, and a second component contributed by light that is 
re?ected onto the LMW by an image in the target area. This 
second component Will hereinafter be referred to as “?are.” 
The ?are is usually caused by odd color combinations (e.g., 
blues and yelloWs) in the image in the target area. 

The black region is provided to remove the ?are. The 
black region is also illuminated by the scanner bulb, an 
image of the black region is captured, and the image of the 
black region is processed to determine the amount of ?are. 
The ?are, as measured by the black region, can then be 
removed from the illumination measured by the LMW to 
provide an accurate indication of bulb intensity. This accu 
rate indication of bulb intensity can then be used by bulb 
intensity and gain controls of the scanner. If the ?are Went 
uncorrected, the measured bulb intensity Would appear to be 
brighter than it really Was, and bulb intensity and gain Would 
be reduced to accommodate the higher brightness. Image 
quality and image capture accuracy Would suffer. Therefore, 
using the black region to correct for ?are improves image 
quality and image capture accuracy. Additionally, the ?are 
can be corrected With relatively little to no increase in cost 
of the scanner. 

Reference is noW made to FIG. 1, Which shoWs a ?atbed 
scanner 10. The ?atbed scanner 10 includes a scan head 12, 

a motor drive assembly 14, an electronics assembly 16, a 
glass pane 18 and a housing (not shoWn). The glass pane 18 
and the housing form an enclosure inside Which the scan 
head 12, the motor drive assembly 14 and the electronics 
assembly 16 are mounted. 

The motor drive assembly 14 includes a slider rod 20 and 
rail (not shoWn) for guiding the scan head 12 in a linear 
direction along the glass pane 18, and a stepper motor 22 and 
transmission for moving the scan head 12 along the slider 
rod 20. The transmission may include a motor shaft 24 for 
turning spur gears 26 and 28 that drive timing belt 30. The 
timing belt 30 moves the scan head 12. The motor 22 turns 
the motor shaft over a number of revolutions to move the 
scan head 12 an inch along the slider rods 20. 

The motor drive assembly 14 further includes an encoder 
32 including an encoder Wheel 34 and an encoder assembly 
36. The encoder Wheel 34 is secured concentrically to an 
opposite end of the motor shaft 24 and rotates jointly With 
the motor shaft 24. In a typical shaft encoder 32, each pulse 
outputted by the encoder represents a relative incremental 
rotation of the encoder Wheel 34. 

The electronics assembly 16 includes an application spe 
ci?c integrated circuit (“ASIC”) 38 and a motor driver 40 
such as an Hbridge motor driver. The driver 40 has an input 
that is adapted to receive pulse Width modulated (“PWM”) 
signals from a motion controller/speed controller on the 
ASIC 38. The PWM signals cause the motor driver 40 to 
selectively energiZe ?eld Windings of the motor 22 to create 
a motor torque. The PWM signals can cause the motor 22 to 
rotate the shaft 24 in either a clockWise or counterclockwise 
direction. 

To scan a sheet S of paper, the sheet S is positioned atop 
the glass pane 18, and the electronics assembly 16 is 
commanded to begin a scanning operation. Under control of 
the ASIC 38, the motor drive assembly 14 moves the scan 
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4 
head 12 along the slider rod 20 to a knoWn position (e.g., a 
Wall) and then starts moving the scan head 12 along the 
slider rod 20. 

Additional reference is made to FIG. 2. A ?uorescent bulb 
42 of the scan head 12 is turned on to illuminate a portion 
of the sheet S With White light. The ?uorescent bulb 42 may 
be a cold cathode ?uorescent bulb. An optics assembly 44, 
46 focuses an image of the illuminated portion onto a target 
area T of a charge coupled device (“CCD”) 48. The target 
area T is betWeen margin areas M1 and M2 of the CCD 48. 
The CCD 48 is exposed to, and integrates, at least one line 
of pixels at a time; and the electronics assembly 16 processes 
signals generated by the CCD 48 and sends the processed 
signals to a host (e.g., a host computer). The bulb 42, the 
optics assembly 44 and 46, and the CCD 48 are all enclosed 
Within a scan head body 50. The entire sheet S is scanned, 
line-by-line, as the scan head 12 is moved along the slider 
rod 20. A scan line SL is shoWn in FIG. 1a. 
The ?uorescent bulb 42 also illuminates an LMW 52, 

Which may be secured to the scan head body 50 or the glass 
pane 18. As can be seen from FIG. 1a, the LMW 52 lies on 
a scan line SL and is off an edge of the target area T. The 
LMW 52 is focused by the lens assembly 44, 46 onto the 
CCD 48 in one of the margin areas M1 or M2. Re?ected 
light rays from the target area T and the LMW 52 are roughly 
coincident. The LMW 52 is placed at an angle relative to the 
bulb 42 so that the LMW 52 is illuminated With about 60% 
to 90% of maximum bulb intensity. 
The ?uorescent bulb 42 also illuminates a black region 54 

adjacent to the LMW 52. The black region 54 Will herein 
after be referred to as a black monitor WindoW 54 or “BMW” 
54. As With the LMW 52, the BMW 54 is focused by the lens 
assembly 44, 46 onto the CCD 48 in one of the margin areas 
M1 or M2, and the BMW 54 is placed at an angle relative 
to the bulb 42 so that the BMW 54 is illuminated With about 
60% to 90% of maximum bulb intensity. Preferably, the 
BMW 54 is betWeen the LMW 52 and the target area T. 
The ASIC 38 processes images of the LMW 52 and BMW 

54 to generate light intensity feedback signals that have been 
corrected for ?are. The corrected feedback signal may be 
used by the ASIC 38 to control intensity of the ?uorescent 
bulb 42. The ASIC 38 may also use the feedback signal to 
control CCD channel gain. 

SiZe of the LMW 52 and the BMW 54 depend, in part, 
upon hoW Well these WindoWs 52 and 54 are focused onto 
the CCD 48. The WindoWs should be of su?icient siZe to 
create strong CCD signals. The more out-of-focus a WindoW 
is, the larger the WindoW should be to provide a strong 
signal. 

FIGS. 3a to 30 shoW different embodiments of the LMW 
52 and the BMW 54. FIG. 3a shoWs an LMW 52 in the form 
of a tab 5211 on the scan head body 50. The tab 52a may be 
formed integrally With the scan head body 50, removably 
attached to the scan head body 50, etc. The tab 5211 has a 
White surface that can re?ect light from the bulb 42. Such a 
tab 52a is described in detail in assignee’s U.S. Ser. No. 
08/986,122 ?led Dec. 5, 1997, Which is incorporated herein 
by reference. 
A portion 54a of the scan head body 50 that is black can 

provide the BMW 54. This portion 54a is indicated by 
dashed lines. For example, a scan head body 50 that is made 
of black molded plastic can provide the BMW 54. 

FIG. 3b shoWs the LMW 52 in the form of a ?rst tab 52b 
(Which may be identical to the tab 52a shoWn in FIG. 3a) 
and a second tab 54b having a black surface that provides the 
BMW 54. The second tab 54b may have the same construc 
tion as the ?rst tab 52a (except for a black surface), and it 
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may be formed integrally With the scan head body 50, 
removably attached to the scan head body 50, formed 
integrally With the ?rst tab 52b, etc. 

FIG. 30 shows the LMW 52 and the BMW 54 in the form 
of L-shaped White and black strips 520 and 540 that are 
located on an underside of the glass pane 18. The L-shaped 
strips 520 and 540 may be made of ink that is silkscreened 
directly onto the glass pane 18. In the alternative, the strips 
520 and 540 may be made of paint, labels or plastic strips. 
The L-shaped strips 520 and 540 may be hidden from top 
vieW by plastic border that is used for indicating sheet 
position on the glass pane 18. Length of each strip 520 and 
540 covers at least the distance that the scan head 12 travels. 

Actual location of the LMW 52 and the BMW 54 Will be 
device-dependent. Actual dimensions of the LMW 52 and 
BMW 54 Will also be device dependent. 

Reference is noW made to FIG. 4, Which shoWs the CCD 
48 in greater detail. The CCD 48 has a Red channel 
including a ?rst roW of photodiodes 56 sensitive to red light, 
a Green channel including a second roW of photodiodes 58 
sensitive to green light, and a Blue channel including a third 
roW of photodiodes 60 sensitive to blue light. Transfer gate 
and CCD analog shift register 62, 64 and 66 are provided for 
each channel. The transfer gate provides a shutter control for 
the CCD 48. 

Each channel is adapted to receive a transfer gate signal 
TG1, TG2 and TG3. When a transfer gate signal TG1, TG2 
or TG3 is de-asserted, the photodiodes 56, 58 or 60 accu 
mulate charge. When the transfer gate signal TG1, TG2 or 
TG3 is asserted, the charge accumulated by the photodiodes 
56, 58 or 60 is transferred to the analog shift register 62, 64 
or 66. The analog shift register 62, 64 or 66 then serially 
reads out the charges to one of three programmable gain 
ampli?ers 70, 72 and 74 on an ampli?er chip 68. Analog 
outputs of the programmable gain ampli?ers 70, 72 and 74 
are then A/D converted and sent to the host. 

The three channels are processed in parallel. Additionally, 
While the contents of the shift registers 62, 64 and 66 are 
being shifted out and processed, the photodiodes 56, 58 and 
60 are accumulating charges for the next line of pixels. 
When the next transfer gate signal TG1, TG2 or TG3 is 
asserted, the contents of the photodiodes 56, 58 and 60 are 
transferred to the analog shift registers 62, 64 and 66. 

The CCD 48 may have any number of pixels. FIG. 4 
happens to shoW a CCD 48 having 5540 pixels (that is, 5540 
photodiodes for each color channel). Of those 5540 pixels, 
about 150 may be reserved for the margin areas M1 and M2, 
and the remaining pixels may be reserved for the target area 
T. 

Reference is noW made to FIG. 5, Which shoWs the ASIC 
38 in greater detail. The ASIC 38 includes an embedded 
processor 76 and read-only memory (“ROM”) 78. The ROM 
78 stores a real-time operating system for the embedded 
processor 76. The ROM 78 also stores instructions for 
instructing the embedded processor 76 to perform I/O func 
tions and perform the general control of the scanner 10. 
Among its general control functions, the embedded pro 

cessor 76 receives the RGB output of the ampli?ers 68, 
extracts images of the LMW 52 and the BMW 54, and 
processes the images to generate a feedback signal IR 
indicating intensity of the Red channel, a feedback signal b 
indicating intensity of the Green channel, and a feedback 
signal IB indicating intensity of the Blue channel. The 
embedded processor 76 also generates a bulb signal IBU'LB 
(not shoWn) as the maximum of the three channel feedback 
signals IR, IG and IB. That is, IBU'LB:MaX(IR, IG, IB). These 

20 

25 

30 

35 

40 

45 

50 

55 

65 

6 
signals IR, IG, IB and IBU'LB are internal to the embedded 
processor 76 and are not shoWn. 

The embedded processor 76 uses the feedback signals IR, 
IG and IE to correct gains provided by ?rst, second and third 
gain compensation controls 82, 84 and 86, Which gain 
compensation controls may be of conventional design. For 
instance, the ?rst gain compensation control 82 stores gains 
corresponding to the pixels in the Red channel. When a pixel 
in the Red channel of the CCD 48 is being read out to the 
?rst programmable gain ampli?er 70, the ?rst gain control 
unit 82 supplies a gain corresponding to that pixel to the 
programmable gain ampli?er 70 of the Red channel. Simi 
larly, the second gain compensation control 84 provides 
gains to the second programmable gain ampli?er 72 for the 
pixels in the Green channel, and the third gain compensation 
control 86 provides gains to the third programmable gain 
ampli?er 74 for the pixels in the Blue channel. 
The gains are globally corrected by elements 88, 90 and 

92, Which multiply the gains by scale factors SFR, SP6 and 
SEE provided by the embedded processor 76. Each scale 
factor SFR, SP6 and SEE may be determined as folloWs 

SFRIER/IR 

SF GIEG/I G 

SFB :EB/IB 

Where ER, EG, and EB are the expected intensities of the 
LMW 52 in the Red, Green and Blue channels. Thus, the 
scale factors SFR, SFB and SP6 are computed as ratios of 
expected-to-measured intensity. 
The embedded processor 76 also supplies a bulb voltage 

command VBULB to a bulb control 80 (Which may be on a 
printed circuit assembly). The bulb control 80 may have a 
conventional design. For instance, the bulb control 80 may 
include a closed loop control and an inverter. The closed 
loop control can command the inverter to change bulb 
voltage until bulb intensity reaches the commanded value. 
The inverter can change the bulb voltage betWeen, for 
example, 7 and 14 volts over 4096 levels. The bulb control 
80 can also be operated in an open loop. The embedded 
processor 76 can update the bulb command VBULB to change 
the intensity of the bulb 42. 
When a scan is commanded (e. g., by a host computer), the 

embedded processor 76 responds by setting the gains to 
?xed values and commanding the inverter of the bulb 
control 80 to quickly ramp up the bulb voltage. When a 
current is ?rst applied to the ?uorescent bulb 42, the ends of 
the bulb 42 light up. As the bulb Warms up, the illumination 
Works its Way toWards the center. 

Once the bulb shape becomes stable and the scanning 
operation begins, the embedded processor 76 commands the 
bulb control 80 to hold the bulb voltage at a constant value. 
As the bulb 42 continues to Warm up and increase in 
brightness, the embedded processor 76 takes advantage of 
the increasing light level to improve the signal-to-noise ratio 
of the CCD 48. The embedded processor 76 uses the channel 
intensity signals IR, IG and IE to correct the gains. HoWever, 
the embedded processor 76 limits the bulb intensity to avoid 
saturating the inputs to the programmable gain ampli?ers 
7 0, 72 and 74. 
The bulb signal BULB is used to prevent a channel from 

saturating. If the bulb signal IBU'LB indicates that a channel is 
reaching saturation, the embedded processor 76 Will com 
mand the closed loop control 80 to reduce the voltage 
applied to the bulb 42. 
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Once the bulb 42 has Warmed up (that is, reached a steady 
state light level), the embedded processor 76 continues to 
use the feedback signals IR, IG and IE to control bulb intensity 
and ampli?er gains. Throughout the remainder of the scan, 
both bulb voltage and gain are adjusted using the feedback 
signals IR, IG and IB. 
The embedded processor 76 may also use the bulb inten 

sity signal IBU'LB to determine When the bulb shape has 
stabiliZed. For example, the embedded processor 76 could 
monitor speci?c pixels along the LMW 52. Stabilization 
could be deemed to occur When these pixels all change at the 
same rate of intensity. Stabilization schemes are disclosed in 
assignee’s US. Pat. No. 5,907,742. 

The embedded processor 76 may also be programmed to 
implement a motion controller. The motion controller may 
be an open or closed loop control that accelerates the scan 
head 12 to a scan speed and maintains the scan speed at a 
relatively constant speed during a scan operation. 

The ASIC 38 further includes a conventional exposure 
control 94, Which adjusts the exposure time of the CCD 48. 
The exposure control 94 generates the transfer gate signals 
TG1, TG2 and TG3 for the CCD channels. To scan a line, the 
exposure control de-asserts the transfer gate signals TG1, 
TG2 and TG3 to begin an exposure time and then asserts the 
transfer gate signals TG1, TG2 and TG3 to stop the exposure 
time. 

The ASIC 38 also includes a speed controller 96 that 
controls sleW rate of the motor 22. Performing the speed 
control using the ASIC 38 instead of the embedded proces 
sor 76 reduces the processing burden on the embedded 
processor 76 and frees it up to perform other functions. 

Reference is noW made to FIG. 6, Which shoWs steps that 
the embedded processor 76 performs to generate the feed 
back signals IR, IG and IB. The embedded processor 76 
locates images of the LMW 52 and the BMW 54 (block 
102). The embedded processor 76 may identify those pixels 
imaging the LMW and the black region by using the same 
?xed pixels, provided that error tolerances do not build up 
in the hardWare assembly. For example, pixels S5290 to 
S5300 could alWays be used to image the BMW 54, and 
pixels S5310 to S5320 could alWays be used to image the 
LMW 52. 

In the alternative, the embedded processor 76 may iden 
tify those pixels imaging the LMW 52 and the BMW 54 by 
starting With a pixel imaging the BMW 54 and then, pixel by 
pixel, searching for the ?rst pixel Where the light level 
jumps. This ?rst pixel identi?es the transition of the BMW 
54 to the LMW 52. 

The embedded processor 76 then generates the feedback 
signals IR, IG and IB as a function of VW and Vb, Where VW is 
a measured pixel intensity of the imaged LMW 52, and V17 
is a measured pixel intensity of the BMW 54 (block 104). 
The measured pixel intensity VW of the LMW 52 may be 
taken as the average of the group of pixels imaging the 
LMW 52. Similarly, the measured pixel intensity V17 of the 
BMW 54 may be taken as the average of the group of pixels 
imaging the BMW 54. 

The feedback signals IR, IG and IB may be generated from 
the folloWing equation: 

[RIM Vw_b VblRED 

[GIN VW-b Vb] GREEN 

[BIN VW-b VblBLUE 

Where a and b are experimentally determined coe?icients. 
Different pairs of coe?icients a and b may be determined for 
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8 
each color channel. These equations account for a drop off 
in ?are as distance from the target area T is increased (see 
FIG. 7). Thus, the ?are becomes less signi?cant on the LMW 
52 as distance from the target area T is increased. A range of 
values for the coe?icients a and b are 0.5<a<3 and 0.5<b<3. 
If there Was no drop off, then a:b:l. The coefficients a and 
b may be determined after the scanner con?guration (e.g., 
geometry of scan head, optics) has been determined. Once 
the scanner con?guration has been determined, an open loop 
test With the bulb Warmed up may be performed. A high 
contrast image (black/White or blue/yelloW) is scanned and 
the coe?icients a and b are adjusted until compensation is 
deemed satisfactory. Production units Would be shipped With 
?xed coe?icients a and b. 
The generation of the feedback signal IR for the Red 

channel is illustrated in FIG. 8. Coe?icients a:b:l are 
assumed. Lines of pixels are read out in the direction 
indicated by the arroW Z. When the pixels imaging the 
BMW 54 are read out, the pixel intensity at level FR provides 
a measure of ?are in the Red channel. When the pixels 
corresponding to the LMW 52 are read out, the pixel 
intensity increases to re?ect a measure of Red channel 
intensity as Well as the Red channel ?are FR. Removal of 
?are provides an accurate feedback signal IR for the Red 
channel. 
The invention has been described in connection With a 

?atbed scanner. HoWever, it is not so-limited. Other appli 
cations of the present invention include, but are not limited 
to loW cost commercial scanning products such as scroll-fed 
scanners, copiers, fax machines, and all-in-one multi-func 
tion products. 

Speci?c embodiments of the invention have been 
described and illustrated above. HoWever, the invention is 
not limited to these speci?c embodiments. The LMW is not 
limited to a tab or strip having a White re?ective surface. For 
example, the re?ective surface could be a light gray. 
The invention is not limited to compensation of all three 

color channels. Correction of a single color channel could be 
performed. For example, only the Red channel could be 
corrected by using an LMW that is red. In the alternative, 
black/White compensation could be performed. 
A detector other than a CCD could be used. Other types 

of detectors that could be used include CMOS detectors and 
active pixel sensors. If the detector is an active pixel sensor, 
the exposure control system Would not include a transfer 
gate generator. 

There Will also be design considerations that depend upon 
factors such as the quality and cost of the scanner. For 
example, gains can be digital or analog and they can be 
applied in the scanner or a host. 

Therefore, the invention is not limited to the speci?c 
embodiments described above. Instead, the invention is 
construed according to the claims that folloW. 

What is claimed is: 
1. A chip comprising: 
a processor, responsive to an output of an imaging device, 

for determining light intensities in an image of a light 
region and an image of a black region, With the light 
region and the black region located on a scan head body 
positioned Within the optical scanner; 

the processor con?gured to use the image of the light 
region to provide at least one feedback signal indicating 
color channel intensity; and 

the processor con?gured to use the images of the black 
region to remove ?are from the at least one feedback 
signal. 
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2. The chip of claim 1, wherein he processor locates the 
light and black regions prior to generating a feedback signal. 

3. The chip of claim 1, Wherein the at least one feedback 
signal is determined as a function of average pixel intensity 
in the image of the light region and average pixel intensity 
in the image of the black region. 

4. The chip of claim 1, Wherein the at least one feedback 
signal of a color channel corresponds to X determined as: 

Where VW is measured pixel intensity in the image of the 
light region, V17 is measured pixel intensity in the image 
of the black region, and a and b are experimentally 
determined coefficients. 

5. The chip of claim 1, Wherein the light region includes 
a LMW tab on a scan head body, and Wherein the scan head 
body provides the black region Within the optical scanner. 

6. A method of compensating for non-uniform illumina 
tion in an optical scanner, comprising: 

using a bulb to illuminate a black region and a light 
regions; 

Wherein the light region and the black region are located 
on a scan head body positioned Within the optical 
scanner; 

generating images of the light region and the black region 
illuminated by the bulb; 

using an image of the light region to provide at least one 
feedback signal indicating color channel intensity; and 
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using an image of the black region to remove ?are from 

the at least one feedback signal. 
7. The method of claim 6, Wherein the optical scanner 

further includes a photodetector; and Wherein the images are 
generated by focusing the target area, the light region and the 
black region on the photodetector. 

8. The method of claim 6, further comprising: locating the 
light region and the black region in the images prior to 
generating the at least one feedback signal. 

9. The method of claim 6, Wherein the at least one 
feedback signal is determined as a function of average pixel 
intensity in the image of the light region and average pixel 
intensity in the image of the black region image. 

10. The method of claim 6, Wherein the at least one 
feedback signal of a color channel corresponds to X as 
determined by 

Where VW is measured pixel intensity in the light region, V17 
is measured pixel intensity in the black region, and a and b 
are experimentally determined coefficients. 

11. The method of claim 6, Wherein the light region 
includes a LMW tab on a scan head body, and Wherein the 
scan head body provides the black region Within the optical 
scanner. 
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